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Only long-term oxygen therapy (LTOT) may 
improve survival in patients with chronic obstructive 
pulmonary disease (COPD) (1). These patients may 
suffer from disabling dyspnoea, often leading to 
physical deconditioning, which in turn worsens exer- 
tional dyspnoea. This vicious cycle may result in 
marked reduction in patients’ functional capacity, 
inability to cope with the activities of daily life (ADL) 
and consequent reduction in the quality of life 
(QOL). Disability associated with COPD and other 
respiratory diseases has led to the development of 
rehabilitation programmes that aim to increase 
exercise tolerance and improve QOL. Pulmonary 
rehabilitation has been defined as ‘a multi- 
dimensional continuum of services directed to 
persons with pulmonary disease and their families, 
usually by an interdisciplinary team of specialists, 
with the goal of achieving and maintaining the 
individual’s maximum level of independence and 
functioning in the community’ (2). Rehabilitation 
programmes are commonly used as a means of 
implementing standard medical therapy, optimizing 
functional capacity, and restoring patients to the 
highest possible level of independent function. An 
important factor in the success of pulmonary 
rehabilitation is the appropriate selection of patients. 
Pulmonary rehabilitation programmes are designed 
for the management of patients throughout the 
natural course of their disease, from the onset of 
symptoms until the final stages. 
Age 
Although COPD in the elderly may differ from the 
traditional form of the disease, it has been shown that 
responses to bronchodilators occur at all ages (3). 
Nevertheless, studies of older patients have shown 
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that they are often undertreated for medical therapy, 
e.g. overlooking the reversible component of COPD 
or attributing dyspnoea to smoking too many 
cigarettes or to atypical heart failure. Furthermore, 
up to a few years ago, older age was considered to be 
a contraindication to rehabilitation programmes. 
Pulmonary rehabilitation in the elderly can be a 
challenge for the physician (4). In the elderly patient, 
several factors affect the ultimate success of rehabili- 
tation including the presence of other disabling dis- 
eases such as cancer or arthritis, long-term medical 
therapy, intelligence, level of education, family sup- 
port and personal motivation. Due to these factors, 
some pulmonary rehabilitation studies have excluded 
patients older than 70 years. Today, age is not 
considered to be a limiting factor to rehabilitation 
programmes. On the contrary, there are a number of 
reasons why the elderly may be particularly good 
candidates for multidisciplinary pulmonary rehabili- 
tation. They frequently have difficulties with inhala- 
tion from a metered dose inhaler (MDI), therefore 
they may benefit from extensive education and 
training about appropriate medication, MD1 and 
spacer use. Elderly patients may have cardiac 
and musculoskeletal disorders, sensory impairment 
and reduced cognitive function, so supervised and 
monitored physical therapy and exercise training may 
be beneficial in these patients. Recent literature has 
noted the benefits of regular participation in long- 
term aerobic exercises for the aged (5), and improve- 
ments in muscle strength, flexibility, percent body fat, 
mass and aerobic fitness have been shown (6). The 
basic guidelines for frequency, intensity and duration 
of training, and the mode of activity are also usually 
considered appropriate for the elderly. The difference 
in the prescription for the elderly participant is the 
manner in which it is applied, emphasizing low to 
moderate intensity and low-impact activities. On the 
other hand, in a randomized, controlled study, high- 
intensity exercise training has been shown to be a 
feasible and effective means of counteracting muscle 
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weakness and physical frailty in very elderly people, 
several of whom were over 90 years of age (7). 
Comprehensive programmes of pulmonary rehabili- 
tation including education, lower- and upper- 
extremity training, breathing retraining and chest 
physiotherapy have also been shown to improve 
exercise capacity in elderly (>75 years old) patients 
with COPD (8). 
Nutritional Status 
Factors related to nutritional status are an inde- 
pendent influence on the course of COPD. In a study 
by Wilson et al. (9), body weight was directly related 
to FEV,, but mortality appeared to be influenced by 
body weight independent of FEV,. After adjusting 
for FEV,, body weight was a powerful positive 
correlate with exercise capacity. In patients with 
COPD, a compromised nutritional state may con- 
tribute to a reduced exercise performance, and a 
positive association between nutritional state and 
maximal exercise performance has been found in 
some patients. Patients with different characteristics 
and nutritional depletion are eligible for pulmonary 
rehabilitation (10). 
Functional Impairment 
The severity of respiratory impairment often influ- 
ences both patient motivation and their ability to 
actively participate in the programme. Patients with 
severe disease and minimal respiratory reserve may 
be too physically impaired to participate significantly 
and benefit from the programme. On the other hand, 
patients with mild disease and minimal limitation 
may not benefit from the programme because of lack 
of perceived need and consequent motivation. Zu 
Wallack et al. (11) evaluated the relationship of 
clinical characteristics, pulmonary function and exer- 
cise test data to the degree of improvement in the 
12-min walking test (12 mwd) in patients completing 
a 6-week pulmonary rehabilitation programme. 
There were no significant relationships between 
improvement in the 12mwd and age, sex, oxygen 
requirement, arterial blood gas levels and pulmonary 
function. However, patients with a greater ventila- 
tory reserve had more improvement in their 12 mwd, 
both with respect to distance and percentage increase 
over baseline. Additionally, patients with a lower 
peak oxygen consumption showed a greater percent- 
age improvement in their 12 mwd. The magnitude of 
the initial 12 mwd was inversely related to its 
improvement, both with regard to distance and per- 
centage of increase. Therefore, patients with poor 
performance on either a 12 mwd or maximal exercise 
test are not necessarily poor candidates for a pulmo- 
nary rehabilitation programme. However, in a study 
of a comprehensive pulmonary rehabilitation pro- 
gramme, equal benefits were seen in a wide range of 
patients, from mild to very severe (12). It was found 
that resting hypercapnoea should not exclude a 
patient from participation in a pulmonary rehabilita- 
tion programme. Indeed, studies have shown that the 
improvements in exercise tolerance with pulmonary 
rehabilitation of hypercapnoeic patients have been 
comparable to those seen in eucapnoeic patients (13). 
Pulmonary function tests help to quantify the degree 
of respiratory impairment and can sometimes be used 
as objective evidence to offer patients in denial of 
their disease and to get patients motivated and 
involved in the programme. On the other hand, 
patients with exercise-induced hypoxaemia are often 
not detected by pulmonary function tests alone (14), 
and benefits of rehabilitation programmes are 
independent of lung function (15). 
Compliance to Therapy 
Patients with respiratory diseases are usually 
treated with complicated, long-term therapeutic 
regimens including oral and aerosolized broncho- 
dilators, bronchial hygiene routines, supplemented 
oxygen therapy and rehabilitation. Adherence to 
these regimens requires significant adjustments in 
ADL. Studies on adherence to rehabilitation pro- 
grammes are lacking and some information may be 
inferred from studies on adherence to medical 
therapy requiring changes in usual daily life. Turner 
et al. showed that good adherence to home nebulizer 
therapy was predicted by Caucasian race, married 
status, abstinence from cigarettes and alcohol, serum 
theophylline level, more severe dyspnoea and reduced 
FEV,. So sociodemographic, physiologic and QOL 
variables were associated with adherence to therapy 
(16). Whether these parameters may be applicable in 
predicting adherence to rehabilitation programmes is 
not known. However, in the prospective controlled 
study of pulmonary rehabilitation by Goldstein et al. 
(17), of the 126 eligible COPD patients, 37 (29%) 
refused rehabilitation. 
Indications 
Main indications to pulmonary rehabilitation pro- 
grammes are shown in Table 1. Appropriate patients 
are those who recognize that they have symptoms 
due to lung disease and are sufficiently motivated to 
be active participants in their own care to improve 
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Table I Indications for pulmonary rehabilitation 
Chronic obstructive pulmonary disease 
Bronchial asthma 
Cystic fibrosis 
Bronchiectasis 
Chronic respiratory insufficiency (CRI) from any cause 
Acute respiratory insufficiency in patients with CR1 from 
any cause 
Neuromuscular and chest wall diseases 
Pulmonary fibrosis, pneumoconiosis and other interstitial 
diseases 
Before and after surgical procedures 
Sleep respiratory disorders 
Lung transplantation 
their health status. The benefit of pulmonary reha- 
bilitation in patients with COPD has been well docu- 
mented (17-20). A smaller number of patients who 
do not have COPD are usually reported in papers 
dealing with pulmonary rehabilitation (16,21). 
Benefits have been reported in a specific study on 
patients with diseases other than COPD (22). 
Rehabilitation programmes are commonly used in 
patients with bronchial asthma (23) neuromuscular 
diseases (24), cystic fibrosis (25), before and after 
abdominal and thoracic surgery (26), and before and 
after lung transplantation (27). 
Contraindications 
Although the only absolute contraindication 
appears to be the lack of compliance or unwillingness 
to participate, studies on rehabilitation programmes 
report some exclusion criteria. In the study by 
Goldstein et al. (17) ineligible subjects had coexisting 
diseases (41%) (ischaemic heart disease in 25%), were 
still smoking (7%) lived too far away from hospital 
(16%) had language barriers or cognitive impair- 
ment, social circumstances, or were too disabled 
(31%). Whether these conditions also have to be 
considered as general criteria of exclusion from a 
therapeutic routine pulmonary rehabilitation pro- 
gramme remains to be clarified, in particular, in 
patients still smoking or heavily disabled. In the 
authors’ opinion, contraindications should be 
referred to the specific patient in relation to his/her 
disease and to the specific therapeutic programme 
chosen. 
Therapeutic Modalities 
Although any patient with symptomatic COPD or 
other indicated pulmonary diseases should be con- 
sidered for pulmonary rehabilitation, the programme 
must be individually tailored to the patient to be 
successful. Pulmonary rehabilitation is multi- 
disciplinary and uses different therapeutic com- 
ponents. Therefore, it is difficult to attribute 
improved global outcomes to the effects of individual 
elements of a programme. This review deals with 
components of pulmonary rehabilitation still under 
discussion, indicating the rationale to select the 
modality. Well-accepted therapeutic components of 
rehabilitation that have been shown to prolong life 
(smoking cessation and oxygen therapy) have not 
been dealt with. 
BREATHING CONTROL TECHNIQUES 
The techniques of co-ordinating the breathing 
process were once widely used in therapeutic 
pulmonary rehabilitation programmes. When the 
term ‘breathing retraining’ is used, it is usually to 
refer to these techniques, including pursed lips and 
diaphragmatic breathing. The overall goals of these 
techniques are considered to alter the breathing pat- 
tern of symptomatic patients with the purpose of: (1) 
relieving dyspnoea; and (2) improving the efficiency 
of the respiratory muscles (RM). Supposed, but not 
demonstrated, markers of efficacy are increased 
expiratory flow rates, reductions in the work of 
breathing (WOB), increased co-ordination of breath- 
ing patterns, and improvements in blood gas values 
and exercise tolerance. Subjective markers are 
improvements in dyspnoea and a greater sense of 
well-being (28). The use of breathing control tech- 
niques has been widespread but the effect of these 
manoeuvres has only been studied in the acute set- 
ting. They have been found to be of particular value 
in the COPD patient with moderate airflow obstruc- 
tion and without respiratory insufficiency, and in 
selected cases of bronchial asthma. Pursed lip breath- 
ing results in slower and deeper respirations with a 
significant increase in oxygenation and a shift in 
ventilatory muscle recruitment from the diaphragm 
to the accessory muscles of ventilation. During 
exercise, the shift to pursed lip breathing results in 
decreased dyspnoea. In a study of loaded and 
unloaded breathing in patients with severe COPD, 
diaphragmatic breathing detrimentally affected 
co-ordination of chest wall motion as well as 
mechanical efficiency, while dyspnoea sensation was 
not improved (29) 
CHEST PHYSICAL THERAPY 
This term includes a series of techniques designed 
to facilitate the clearance of heavy secretions from 
the airways. These manoeuvres should reduce the 
resistance of the airways and the WOB, improve gas 
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exchange and reduce the incidence of respiratory 
tract infections (30). Chest physical therapy is used 
in hospitalized COPD patients who are at risk of 
exacerbation of their disease. It has also been used 
in patients who may be at risk of developing 
pulmonary complications secondary to surgical 
interventions, although a randomized study showed 
that adding single-handed percussions to patients 
with marked atelectasis at extubation did not 
improve outcome over those obtained with early 
ambulation (26). In the outpatient setting, chest 
physical therapy is mainly indicated in patients with 
cystic fibrosis, bronchiectasis and chronic bronchitis 
who chronically produce large sputum volumes 
(>30 ml day-‘). 
LOWER EXTREMITY EXERCISE TRAINING 
Marked functional limitation often occurs in 
patients with respiratory disease. The main symptom 
characterizing this limitation of activity is dyspnoea 
which leads to a cycle of negative feedback. Because 
it is such an unpleasant symptom, patients tend to 
avoid it by doing less and less physical activity. Less 
exertion leads to reduced muscle mass, which in turn 
results in more dyspnoea at increasingly lower levels 
of exertion. Thus, the main goal of exercise training is 
to break this debilitating pattern. Improvements in 
exercise tolerance may be achieved through both 
physiologic and psychologic interventions (30). 
Although exercise training programmes by cycling 
and/or treadmill walking, stair climbing etc. have 
been used in a generalized way in different respira- 
tory diseases, this modality should not be considered 
in the COPD patient until optimal medical control of 
the disease has been achieved. Motivation, the degree 
of functional impairment, age and the results of a 
pre-enrollment incremental exercise test are also 
important factors in the selection of patients for 
exercise training. Most studies on exercise training 
have relied on hospital programmes. A recent Euro- 
pean trial confirmed that exercise training can be 
successfully implemented at home (19). It seems 
prudent to state that any patient capable of undergo- 
ing training will benefit from a programme that 
includes leg exercise. The optimal exercise intensity, 
duration and maintenance programme remain to be 
determined. 
RESPIRATORY MUSCLE TRAINING 
Respiratory muscles may be severely affected 
by conditions such as neuromuscular diseases, mal- 
nutrition, restrictive lung diseases and pulmonary 
hyperflation. The following provide a rationale for 
RM training: 
(1) Improvements in inspiratory muscle strength, as 
measured by an increase in the Pdi,,,, can 
reduce the PdilPdi,,, ratio generated by the 
single breath. This ratio, which represents the 
effort required to complete each breath as a 
function of the force reserve has been shown to 
be the most important determinant in the devel- 
opment of RM fatigue and dyspnoea in those 
patients whose Pdi oscillates close to the fatigue 
threshold. Fatigue can lead to hypercapnoea. 
(2) Improvements in RM endurance can increase the 
level of ventilation and reduce hypercapnoea. 
This frequently results in improved exercise 
tolerance. 
(3) Improved muscle co-ordination may improve 
alveolar ventilation and reduce WOB. 
(4) Expiratory muscle training may increase the 
effectiveness of the cough mechanism. 
Respiratory muscle training results in increased 
strength and capacity of the muscles to endure a 
respiratory load. There are conflicting results about 
its benefits on exercise performance or in perform- 
ance of ADL. A meta-analysis study showed that 
there is little evidence of a clinically important benefit 
of RM training in patients with COPD (31). There- 
fore, the indications for RM training are as follows: 
(1) High spinal cord lesions with no diaphragmatic 
involvement. 
(2) Preparation for and following abdominal or 
thoracic surgery. 
(3) Weaning from ventilatory support. More 
research is needed before final recommendations 
may be given regarding which patients, if any, 
may benefit from these therapeutic modalities 
(10 
TRAINING OF UPPER EXTREMITY MUSCLE GROUPS 
Many exercise programmes focus on lower- 
extremity training. Unfortunately, many ADL, such 
as bathing, dressing and grooming, require use of the 
upper extremities. For a given workload, upper- 
extremity work demands more energy than lower- 
extremity work and is accompanied by a higher 
ventilatory demand. For elderly patients, the 
increased energy and ventilatory demands of simple 
self-care activities result in marked functional limita- 
tion. Because exercise training has been found to be 
specific to the muscles involved in training and the 
task performed, it is important that upper-extremity 
exercises tailored to the patient’s needs be included in 
the programme. A critical review of the literature 
indicates that exercise conditioning that includes leg 
and arm training improves exercise performance, and 
seems to have physiologic explanations different from 
Topical Review 321 
simple dyspnoea desensitization. Also in COPD 
patients, greater improvements in dyspnoea and 
QOL can be achieved through the inclusion of arm 
exercise in their training than through general exer- 
cise programmes (32). COPD patients with dyspnoea 
for activities involving the upper extremities, and 
patients with long-term deconditioning (after surgical 
interventions, post-lung transplantation) are candi- 
dates for such programmes, which have also been 
performed on patients with cystic fibrosis (33). 
OCCUPATIONAL THERAPY 
The chronic pulmonary diseases are the main cause 
of disability and loss of time from work. The goal of 
occupational therapy is to return the patient to 
occupational or recreation activities with less energy 
expenditure and fewer symptoms (34). Patients below 
retirement age or wishing to cultivate specific hobbies 
may undergo this type of treatment. 
EDUCATIONAL PROGRAMMES 
Education may be defined as a learning process 
that improves patients’ ability to cope and to make 
informed decisions regarding their own care (35). 
Inasmuch as education attempts to improve the 
compliance of patients to medication, oxygen 
therapy, smoking cessation, nutrition, exercise and 
health preservation, all patients with COPD need to 
be educated. Educational programmes are intended 
for patients with chronic pulmonary diseases and 
their families. There has been particular enthusiasm 
for educational programmes for patients with bron- 
chial asthma, cystic fibrosis and COPD. Studies in 
which education alone was used as a control inter- 
vention, and the results were compared to treatment 
with exercise, indicate that education alone is of 
little benefit (17,20). Therefore, although more 
research is needed to assess its value, education is no 
substitute for exercise training in the rehabilitation 
programmes. 
PSYCHOSOCIAL SUPPORT 
Patients with chronic pulmonary disease may show 
significant levels of anxiety and depression, and low 
levels of self-esteem. The two most commonly 
reported emotional consequences of asthma are 
anxiety and depression. Male COPD patients show 
both psychophysiologic disturbances and depression. 
Anxiety and depression are also commonly reported 
in patients with respiratory insufficiency. Psycho- 
logical problems may result in decreased participa- 
tion in social activities and are commonly reflected 
in their sexual sphere. These problems are likely 
to improve as the patient becomes involved in a 
pulmonary rehabilitation programme, resulting in 
desensitization of dyspnoea and fear, and regaining 
of self-control. It has been shown that rehabilitation 
sessions including education, exercise breathing tech- 
niques and relaxation techniques are more effective in 
reducing anxiety than a similar number of psycho- 
therapy sessions (36). It may be necessary to occa- 
sionally administer short courses of antidepressant 
medications. 
NUTRITIONAL PROGRAMMES 
Reduced body weight in COPD patients is a risk 
factor independent of the deterioration of airflow (9). 
Malnutrition, obesity or weight loss are associated 
with respiratory disease and may lead to RM dys- 
function, effects on the control of ventilation, an 
increased incidence of respiratory infections, and 
alterations in lung parenchymal structure. Nutri- 
tional supplementation may also result in increased 
CO, production and increased respiratory drive. 
Nutritional supplementation and/or correction is 
indicated in COPD patients with malnutrition and/or 
obesity, in cystic fibrosis and brochiectasis, before 
and after lung transplantation, in the interstitial lung 
diseases, and to reduce obesity in. the sleep apnoea 
syndromes. 
In conclusion, the only limitation to a pulmonary 
rehabilitation programme appears to be unwilling- 
ness to participate or bad compliance. Selection 
criteria serve as indication to a specific therapeutic 
programme. 
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